Introduction
Healthcare workers may frequently be exposed to blood and body fluid-borne pathogens during the course of their work. When a sharp object such as a needle or scalpel blade is contaminated with blood or body fluid, there is potential for direct inoculation and transmission of infection through injury to a healthcare worker during its use or disposal, with consequent psychological health sequelae as well [1, 2] . There are an estimated 70 000 sharp object injuries per year, an average of 192 per day, in Canada [3] .
To minimize the risk of occupational exposure to blood-borne pathogens through sharp object injuries to healthcare workers, a number of safeguards have been suggested. A key component of a recent updating of the Occupational Health and Safety Code of Alberta, Canada, was the required use of 'safety-engineered devices'. These are medical sharp devices that have been designed to include safety features or mechanisms to eliminate or minimize the risk of injury to the user or others [4] . Safety-engineered devices potentially provide a high degree of control of risk because they eliminate or control the hazard at its source and, to date, have been considered to work well in preventing sharp object injuries in healthcare settings [5] [6] [7] [8] [9] . Their use is now widespread throughout the European Union (EU) following the EU Directive on prevention of sharp injuries in the hospital and healthcare sector [10] and in the USA beginning with the OSHA Bloodborne Pathogens standard [11] and culminating in the Needlestick Safety and Prevention Act of 2000 [12] .
The purpose of this study was to investigate the frequency and causes of sharp object injuries in hospitals in the capital region of Alberta, particularly during and after the introduction of safety-engineered devices, so as to determine the effectiveness of these devices in preventing injuries among healthcare workers.
Methods
Data were provided by Alberta Health Services (AHS) Workplace Health and Safety blood and body fluid exposure surveillance system. The population for this study comprised all healthcare workers employed by AHS in the Capital Region (or prior to the 2008 amalgamation of health regions into AHS, Capital Health) reporting a sharp object injury to the 'Stick-to-It' programme. The same institutions reported to the programme throughout. The 'Stick-to-It' programme provided support and treatment to all staff and students following any blood or body fluid exposure. Surveillance data were collected and stored by AHS in two databases, the Exposure Prevention Information Network (EPINet) and MedGate (Medgate, Toronto, Ontario, Canada) [13] .
Safety-engineered devices were introduced to various departments of AHS hospitals and facilities in a rolling programme during 2007 and 2008. During that period, nearly 35 000 healthcare workers were trained and began using these devices [14] . We compared the rate of sharp object injury among healthcare workers before (2003-06), during (2007-08) and after (2009-10) the period of introduction of safety-engineered devices. Information on the characteristics of each sharp object injury was extracted for all injuries from the two databases. The project was approved by the University of Alberta Health Research Ethics Board.
Original data from EPINET and MedGate were migrated into Microsoft Excel. Demographic characteristics of injured healthcare workers (i.e. job title, hospital identification) and of their injuries (i.e. type of device, circumstances of injury) were cross-tabulated.
While information on sharp object injuries was available from 2003, information on the number of employees in the hospitals and facilities of interest was only available for the years 2006-10. Injury rates for 2006-10 were estimated using full-time equivalent employees (FTEs) as the denominator and were expressed as events/1000 FTEs. Injury rates associated with hospital, occupation and intervention period of safety-engineered devices were estimated. Poisson regression methods were used to estimate the sharp object injury rate ratios and 95% confidence intervals (95% CI) [15] . Injury rate ratios between the pre-intervention period (2006) and during the intervention period (2007-08) and post-intervention period (2009-10) were estimated with statistical significance at the 5% level.
The total number of FTE physicians employed at each hospital and facility was not available as most physicians were not employees of those hospitals. Consequently, it was not possible to calculate injury rates for physicians with total number of FTEs as the denominator. A log-linear model was used for these data rather than Poisson regression [15] . 
Results
From 1 January 2003 to 31 December 2010, a total of 4707 sharp object injuries were reported from 15 healthcare facilities among AHS-Capital Region. Staff at the University of Alberta Hospital (UAH) reported the largest proportion of injuries (49%), followed by the Royal Alexandra Hospital (RAH) with 35% (Table 1 ). Other institutional settings (which included 12 smaller hospitals) accounted for 14% of injuries. Sharp object injuries were reported least commonly from the non-hospital community services setting, which accounted for 3% of injuries. Nurses reported the largest proportion of sharp object injuries (54%), followed by physicians (28%). The largest proportion of injuries were reported in operating and procedure rooms (52%), followed by inpatient units (36%) and emergency departments (14%). Incidents in which the sharp object was being used for injection at the time of injury, presumably a needle, accounted for 27% of injuries. Nearly 43% of reported sharp object injuries occurred during use of the item, while injury occurring after use and before disposal of the item was reported for 30% of injuries.
Approximately 41% of the devices associated with injury (1945 cases) were not safety designed. Among safety-engineered devices, 71% of the protective mechanisms were not activated at the time of injury (Table 2) . Almost 51% of injuries from safety-engineered devices occurred before devices were activated, while 22% occurred during activation and 9% after activation.
Among the different hospitals and settings, the overall sharp object injury rate in the Royal Alexandra Hospital (RAH) was the highest with 37.5 injuries per 1000 FTEs per year, followed by the UAH with 36.1, other institutional settings with 31.1 and non-institutional settings with 12.1 per 1000 FTEs per year (Table 3 ). The overall sharp object injury rate was highest among nurses (63.6 injuries per 1000 FTEs/year), followed by technicians (19.3) , support services (18.2), paramedical staff (12. 2) and 'Others' (12.1 per 1000 FTEs/year). The overall rate of sharp object injury decreased significantly during the intervention, and after the intervention, it remained lower than before although the difference was no longer statistically significant.
Among the different settings, the effect at the UAH appeared to be greatest (RR: 0.80, 95% CI: 0.67, 0.95, P < 0.05). In the final multiple Poisson regression model, there was a significant interaction between occupation and period in the model comparing before and after the intervention. Sharp object injuries among nurses showed a significant decline in the adjusted rate ratio (adjusted RR: 0.85, 95% CI: 0.74, 0.97, P < 0.05) when comparing before and during the period of safety-engineered devices, whereas injuries among 'Others' demonstrated a significant increase when comparing before and after the introduction of these devices (adjusted RR: 2.19, 95% CI: 1.44, 3.33, P < 0.001).
The incidence of sharp object injuries declined overall after the introduction of safety-engineered devices (Table 4) . There was a significant interaction between hospitals/settings and period for safety-engineered devices (year) in the final multiple log-linear model. Physicians at the RAH showed a significant decline in the adjusted odds ratio (adjusted OR: 0.29, 95% CI: 0.21, 0.41, P < 0.001), whereas injuries at the UAH were significantly increased as seen in Table 4 (adjusted OR: 1.29, 95% CI: 1.06, 1.57, P < 0.05).
Discussion
Our study provides evidence that the introduction of safety-engineered devices did appear to be effective in reducing sharp object injuries, although the effect may be relatively modest and short-lived, particularly for nonphysicians. This study is the first of its kind to investigate the incidence of sharp object injury and the effectiveness of safety-engineered devices among healthcare workers in Alberta, Canada.
Reassuringly this study found results similar to those previously reported in some other studies but also revealed some new observations. Nurses were the group reporting the greatest number of sharp object injuries, accounting for 54% of all such injuries. In previous studies, nurses have consistently been the group reporting the greatest number of such injuries [16] [17] [18] [19] . Injuries occurring in operating/procedure rooms comprised 52% of all sharp object injuries in our study with 36% of injuries occurring in inpatient units. Most previous studies have similarly reported that the operating room is the highest risk site for injuries [19] [20] [21] . Sharp objects used for injection purposes were involved in the largest proportion of injuries (27%). This also is consistent with previous findings [22, 23] .
In the current study, ~43% of sharp object injuries occurred during the use of the item, followed by after use and before disposal which accounted for 30%. This is again similar to previous reports [23, 24] although some previous studies have reported that up to 70% of sharp object injuries occurred while preparing for disposal [25] . The fact that a significant proportion of injuries occurred when using safety-engineered devices, and ~30% of those during or after activation, suggests that further improvements to such devices (at least the ones used in the course of the collection of these data) could be made or that alternative devices might be more effective. Many of the devices introduced here required active rather than passive activation, and this may have reduced effectiveness. In trying to answer our main question, about the effectiveness of a programme to introduce safety-engineered devices driven by regulatory changes, we found a mixed answer. The average injury rate in our study did significantly decrease from 34.5 per 1000 FTEs (not including physicians) before intervention to 30.2 during intervention but then increased again to 33.5 after the intervention. This suggests that safety-engineered devices were effective in reducing sharp object injuries, although the effect seemed to attenuate with time. The decrease in injuries among physicians appeared less immediate but also more prolonged, and of the same order as among hospital staff overall. Similar findings but with a considerably larger effect were reported in a previous study in which the mean annual incidence of sharp object injury decreased from 34.1 per 1000 FTEs pre-intervention to 14.3 post-intervention [7] .
It is not clear from these data why we found a difference between hospital sites. We have no information on whether education and training may have differed significantly between hospitals, although this seems unlikely given they are part of a single health authority and all students were from single regional pools. It is also unclear why the effect of site varied between the physicians and non-physicians, the greatest effect being seen at the UAH for non-physicians, but at the RAH for physicians. This may reflect some changes in reporting patterns during the period of the study and may also relate to changes in the distribution of residents in training during over the course of the study.
Considering both Poisson regression and log-linear models, the adjusted injury rate was significantly decreased among non-physician staff when comparing before with during the intervention but not after it, while for physicians there was a significant decrease only after, and not during the intervention. Such decay in the effect may be because injury reduction is largely due to the training rather than the devices themselves, but the suggestion that the effect was more sustained among physicians is encouraging, although we do not have sufficient follow-up to know if it was permanent. Unexpectedly, we also found a significant increase in adjusted rate ratio among 'Other' healthcare workers when comparing before and after the introduction period. It may be that there is less potential for the intervention to be effective among workers such as aides, security staff, ward clerks, students, volunteers etc. as they are likely to use such devices much less frequently, but the impact of increased attention and education on reporting may be similar to other healthcare worker groups, tending to increase reporting overall.
This study has several limitations. Firstly, there was no way to estimate the impact of underreporting on these data. Importantly, in the context of this study, reporting of sharp object injuries could have increased due to enhanced awareness of the need for reporting among healthcare workers as a result of increased attention created by the safety-engineered device programme, even without the devices actually having an effect. Enhanced reporting would lead to an underestimate of the impact of safety-engineered devices. Secondly, since our study data for these analyses was from the AHS blood and body fluid exposure surveillance system, which is a self-reporting system, limitations could be introduced by the reliance on self-reported data and the possibility of recall bias. For example, for a significant proportion of incidents, the information on whether the equipment used was a safety-engineered design was missing. While the lack of this information does not affect the main comparison of the incidence of sharp object injury during different time periods, it does hinder our ability to identify risk factors important in such injuries. Thirdly, while FTE data were available for employees of the healthcare system, accurate FTE data for physicians, who are not employees, were not available. As a result, sharp object injury rate could not be compared directly between physicians and other healthcare workers.
Moreover, the impact of the safety-engineered devices may have been due to awareness and training rather than the devices themselves. The fact that the effect was relatively modest suggests that more work needs to be done to identify those elements of the programme, and those devices, that are most effective. Future research might usefully focus on identifying those devices that are most effective, and those components of the introduction of such devices that confer the greatest reduction in injuries, so that available resources can be concentrated first in those areas.
Key points
• Nurses reported the greatest number of sharp object injuries, accounting for 54% of all such injuries.
• The introduction of safety-engineered devices was associated with a reduction in reported sharp object injuries, however this appeared to be relatively modest and short-lived for most workers.
• For physicians, the impact in reducing injuries was delayed and longer term follow-up would be required to know whether it was sustained.
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